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INTRODUCTION

The BIOS (Biological Impact of an Oil Spill) ecosystem simulation model

has been documented in several recent publications (Swan 1984, Gallagher 1984,

Gallagher and Pola 1984, Pola et al. 1985).—

of the Outer Continental Shelf Environment

of their eastern Bering Sea environmental

The model was developed at the request

Assessment Program (OCSEAP) as part

mpact st”udy. Two hypothetical oil

spill scenarios (well blowout and tanker diesel spill) were simulated at each

of three locations in the eastern Bering Sea: Offshore of Port Moller, Port

Heiden and Cape Newenham.

During the course of the study, the BIOS model was modified to address

particular questions. For example, species-specific uptake and deputation rates

and their relative sensitivities were determined using a version of the model

with no spatial resolution (Gallagher and Pola 1984), while the spatial and

temporal extents of “tainting” of fish were examined using a gridded version of

the model with fewer species, but including fish migrations (Pola et al. 1985).——

This document describes the BIOS model concept and presents three versions

of the model developed for particular applications. It is intended to be used

by the prospective modeller as a general guide for application of a BIOS-type

model to any location. In addition, it serves a library maintenance function

by presenting the present physical locations (tape, disk, etc.) and file names

of model computer source code, input data and output programs.

BIOS MODEL

Conceptualization

Effective computer simulation of the impact of an oil spill on an ecosystem

is dependent upon the accuracy of field and empirical data. Ecosystem interactions

are complex and poorly understood; the added stress imposed on the ecosystem by
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an oil spill further complicates the situation. The eastern Bering Sea ecosystem

has been effectively simulated by such models as PROBUB (Prognostic Bulk Biomass

Model) and DYNUMES (Dynamical Numerical Marine Ecosystem Simulation), both
/

developed by Dr. Taivo Laevastu of the Northwest and Alaska Fisheries Center

(NWAFC; Laevastu et al. 1982, Laevastu and Larkins 1981). General ecosystem——

simulation concepts used in these models were adapted to the BIOS model.

Available information on oil toxicity and the effects of pollution on fish were

then incorporated into the BIOS model.

Many of the processes included in DYNUMES and PROBUB were not applicable to

the simulation of the oil-spill scenarios. For example, the simulation of

growth was unnecessary, due to the short time step (daily) and duration of the

BIOS model run (550 days). The DYNUMES species composition was adjusted to

include only those species known to occupy the Bristol Bay region in summer

However, several species groups were divided into juvenile and adult stages

to allow for differences in susceptibility to oil toxins. The effect of oi’

on the biota was modeled as a single-compartment uptake-depuration process.

No attempt was made to partition the effect of oil among various compartments

(gut, liver, etc.) due to insufficient quantitative data on oil uptake processes.

As a general rule, the BIOS model was kept as simple and generic as possible,

to avoid unnecessary assumptions.

Simulation

Gridded daily subsurface o

were provided by Rand Corporat

1 concentrations for each scenario and location

on. Sedimentation of the oil was simulated

with a model developed by Laevastu and Fukuhara (1985). The subsurface oil

concentrations (oil dissolved or in suspension in the water column, referred

to as WSF) and the sedimented oil concentrations (oil in or upon the sediments,
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referred to as TARS) were used as input to the BIOS model. Model calculations

were performed with a daily time step at each grid point. A 32 x 34 grid was

used at each location for the accident scenario and a 50 x 50 grid was used for

the blowout scenario; in each case, 2 km grid spacings were used.

Wind and water temperatures used by Rand Corp. in the calculations of the

oil trajectories were chosenso  as to maximize the oil concentrations in the

water. The selected conditions corresponded to those typical of August. The

fish species which would be

determined (Fukuhara (1985),

(Gallagher and Pola 1984).

expected in August at each location were then

and fish biomasses over each grid were estimated

Biomass was assumed to be equally distributed over

all grid points, due to insufficient spatial resolution of the data (Pola

et al. 1985), and was kept constant over the short duration (~50 days) of——

the simulations .

Fish contamination was simulated by a single-compartment uptake-depuration

model (Wilson 1975). The species-specific uptake and deputation rates were

determined from field and empirical

were kept constant for each species

Contamination was computed in parts

studies’ (Gallagher and Pola 1984) and

group throughout each simulation.

per million (ppm; mg hydrocarbons per kg

biomass). Contamination of 5 ppm was ’taken as the threshold level for

“tainting” (detectable aroma or taste of petroleum) of fish, based on available

empirical data (Pola et al. 1985). In a recent study, Teal (1977) found that.—

uptake of contaminants from the water column (through respiration or swallowing)

was approximately equal to uptake of contaminants from feeding. [n the absence

of studies to the contrary, this result was incorporated into BIOS; that is,

uptake through feeding was computed and the resulting contamination was

multiplied by two. It was assumed that adequate food was available for all

model led fish species, therefore starvation was not included” in BIOS. The
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fraction of pelagic or demersal food in each species’ diet was estimated;

contamination of the food was assumed to be directly proportional to the

concentration of the napthalene  fraction of the” WSF (for pelagic food) or

the TARS (for demersal food).

‘Three

BIOS/NOGR

rates and

versions of the BIOS model were eventually developed

D, was used to determine species-specific uptake and

their sensitivities, It contains no spatial resolut

external oil concentration is preset as a constant, or as a linear or

The first,

deputation

on and the

exponential function of time. Sixteen species groups (Table 1) were used in

BIOS/NOGRID,  as well as in the second version of the model, BIOS/GRID. This

second version includes spatial resolution and uses the gridded WSF values

provided by Rand Corp. and TARS concentrations computed by the Laevastu and

Fukuhara (19g5) model. The final model version, BIOS/MIGR, includes fish

migrations. A larger computational grid (e.g., 64 x 68 for the accident

scenario) is used in this version; however$ only two fish species groups are

included. Migration speeds

Computation

The amount of contaminant

is computed

Cf(td) =

nd directions are input to BIOS/MIGR.

on in a fish species (C ) at any timef

n all versions of BIOS as:

k,co(td)  ( , -exp(-k2))  + Cf(td-l)exp(-k2)
1.
‘2

where C is the external oil concentration, k is the uptake rate,
o 1

the deputation rate. Equation 1 is a finite-difference approximate’

single compartment model discussed by Wilson (1975) and Moriarty (’

step (td)

(1)

and kz is

on to the

975) .



Equation 1 can be rewritten as:

Cf( td) = c“ + CD
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(2)

where C u is the amount of contamination taken up by a fish species at simulation

time step td and CD is the amount accumulated over previous time steps, after

deputation. The uptake of contamination is computed in the model as:

Cu

=  (  ‘PBPcM~F + ‘dBdc~*~~J  (1 -eXp(-k2)  ) (3)

where Fp and Fd are the fractions of pelagic and demersal food, respectively,

in a species’ diet, Bp and Bd are the pelagic and demersal bioconcentration

factors, and
%SF and c~A~s are

the napthalene fractions of the oil concentrations

in the water column and in the sediments, respectively.

All versions of the model were run for up to 50 days. The oil concentrations

provided by Rand Corporation were computed for 10 days in the accident scenario

and for 15 days in the blowout scenario. At time steps greater than those limits,

the oil concentrations in the water column for the gridded model versions (BIOS/GRID

and BIOS/MIGR) were decayed at a constant rate:

wsF(td)n,m
-k= wsF(td-l)n,me (4)

where a decay rate (k) of 0.3 was estimated from the Rand data.

Migrations are simulated in BIOS/MIGR by the advection of contamination through

the enlarged grid, keeping biomass constant. The amount of contamination leaving

gridpoint (n,m) in the x-direction is:

~,n,m = (Gxtl Ul)/LR (5)

and in the y-direction is:

R = (Gytl Vl)/L (4)y,n,m

where t is the migration time step, L is the grid spacing, U and V are the
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T a b l e  1 - - - Species groups in the BIOS model .

No. Species

1 Herring juveniles
2 Herring adults

Pollock juveniles
i Pollock adults

Pacific cod juveniles
; Halibut juveniles
7 Yel lowfin sole juveniles
8 Other flatfish juveniles
9 Yel lowfin sole adults

10 Other flatfish adults
11 Pacific cod adults
12 King and Bairdi crab juveniles
13 King and Bairdi crab adults
14 Mobile epifauna
15 Sessile epifauna
16 I nfauna
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gration velocity components, and Gx and Gy are contamination gradients:

Gx = [c(t) - C(t )n Jn ,m+j $

G = [c(t) -  C( t )n J
Y n+i  ,m >

The subscripts i and j are de f{ned as:

1 , V<()

i = o , V=o

-1 ,V>o

-1 ,U<o

o 3 U=o

t 1, U>c)

such that the gradients Gx and Gy are taken in the

contamination is then redistributed over the grid:

C(t+l)n ~= C(t) - Rxn ~ - Ry,n,m
$ n ,m *9

C(t+l) = C(t)nm+j +Rxnm
n, m+j Y 99

C(t+l)n+i  ~ = C(t)n+i m + Ry,n,m? 3

“upstream” direction. The

(7)

(8)

(9)

(lo)

(11)

The migration time step, t, is restricted by the stability criterion:

tlu>$l < L (12)

where U~’ is the maximum migration speed in km/day. That is, for a m i g r a t i o n

speed of 15 km/day and grid spacing of 2 km, t < .13 days.

COMPUTER PROGRAMS AND DATA FILES

File Names and Locations

Computer FORTRAN source codes for all three model versions resideon disk and

tape files on the Northwest and Alaska Fisheries Center (NWAFC) Burroughs 67800
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computer. All BIOS files are stored under user code REFM0250.  Disk files are

located on the TYVO pack and tape files are located on tape  number 4857. The

following are the program and data file names:

Program Fil&

PROG/BIOS/NOGRl  D

. .

PROG/BIOS/GRID

:Nongridded version of the B

estimate model parameters.

:Gridded version of the mode’

oil concentrations (WSF) as

PROG/BIOS/MIGR

SL!BROUTINE/PLOTR

Input Data Files

OCSEAP/OILCON/LOCl

ocsEAP/olLcoN/Loc2

ocsEAP/olLcoN/Loc3

OCSEAP/OILCON/BLOW/LOCl

ocsEAP/olLcoN/BLow/Loc2

ocsEAP/oILcoN/BLow/Loc3

OS model used to

; uses subsurface

input.

:Gridded  version of the model with fish

migrations and only two fish species.

:Generalized subroutine to draw line plots of

up to four variables.

:Gridded WSF for accident scenario, Port Moller.

:Gridded WSF for accident scenario, Port Heiden.

:Gridded WSF for accident scenario, Cape Newenham.

:Gridded WSF for blowout scenario, Port Moller.

:Gridded WSF for blowout scenario, Port Heiden.

:Gridded WSF for blowout scenario, Cape Newenham.

Program Listings

Annotated FORTRAN source codes for the three BIOS model versions and for

the plotting subroutine are listed in the following pages. An example of a

plot generated by the plotting subroutine is given in Figure 1.
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SUBROUTINE/PLOTR

!6RESET FREE
SUBROUTINE PLOTR(IIX, DY, X,YJS1)
DIMENSION S1(4,50), X(50),Y(14), S2( 50)
DATA SIZW,SIZH/. 12/. 1S5/

c
Cxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
L

C SUBROUTINE TO DRAW  LINE PLOTS
c
C DY IS  UNITS PER X INCREMENT
C DY IS UNITS PER Y INCREMENT
C Y IS ARRAY OF VALUES FOR Y INCREMENTS
C X IS ARRAY OF VALUES OF X INCREMENTS
C S2 IS ARRAY OF DATA TO BE PLOTTED
C SIZW,SIZH ARE SIZES (IN INCHES) OF CHARACTER WIDTH OR HEIGHT
c
c x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
c
c THIS PLOT USES PLOTCOMP PLOTTING PACKAGE ROUTINES
c CAN BE ADAPTED TCI CALCOMP

) c ALL UNITS ARE INCHES
c
C x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x

10

20

30

40

50

CALL PLOT(6. 10. ,2)
CALL PLOT(O. ,0.,3)
CALL PLOT(O. ,4. ,2)
CALL PLOT(O. ,0. ,3)
DO 10  1=1,50
CALL PLOT(X(I)J  .1,3)
C A L L  PLOT(X(I)#-. 1,2)
IF(MOD( I , lO). NE..O)GO TO 10
FI=I
XX=X(I)-SIZH
CALL NUtlBER(XXJ  -.25JsIzHJFIJ  o.~-1)
CONTINUE
DO 20 1=1, 14
CALL PLOT( - .  1) Y(I)13)
CALL PLOT(. 1, Y(I),2)
IF(MOD( I,5). NE.O)GO T O  2 0
FI=I~100.
FACT=3.
IF(FI. GE. 1000. )FACT=4.
xx=. 2+(FACT*SIZW)
YY=Y(I)-. O6
CALL NUMBER(-XX, YYJSIZHJFII O. }-1)
CONTINUE
DO 30  1=1,50
s2(I)=(s1(1,1)/loo. )*DY
“CALL NEWPEN(2)
CALL PLOT(O. ,0. ,3)
DO 40  1=1,50
CALL PLOT(X(I), S2(I),2)
DO 50  1=1)50
s2(I)=(si(2,1)/loo. )*r)Y
CALL NEWPEN(1)
CALL PLOT(O. JO. ,3)
DO 60  1=1,!50
CALL PLOT(X(I), S2(I)J2)



.

-48-

C A L L  SPCSYM(  X( I), S2(I}, SIZH,88,0. ,-1)
CALL PLOT(X(I), S2(I ),3)

6 0  C O N T I N U E
D O  70 KNT=l, 2
KK=KNT+2
DO 71 1=1, S0

71 SZ!(l)=(Sl(KK,I)/100. )*DY
IDSH=KNT+l
C A L L  DASHPT(O.  ,0. J-1)
D O  7 2  1=1,50

7 2  C A L L  IIASHPT( X(I),S2(I), IDSH)
7 0  CIJNTINUE

RETURN
END
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TIME [days]
Figure 1. --Example of plot drawn using SUB ROUT INE/PLOTR. In this example,

DX = (length of x-axis) /50 and Dy = (length  Of y-aXis) /30.
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